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DATA ANALYSIS FOR -MN MOtkI~RING IN AN EWRICFWtNT FACILITY

J. T. Harkin, J. E. Sta~rt, and A. B. Goltlm&n

Los Alamon National Labratory, LOS Alamoa, Maw Mexico, USA

Ahtmct

Area mnitorlnq of neutron radiation to
detect hlqh-anriched uranium production is a
potential ntrategy for inmpector verification of
~perationn in the cmncade area Lf a eentrifuq?

enrichment facility. Thin paper diecuemcn the

●PPlicati’MI of ntatlatlcal fllterlnq ●nd hypothe-
■ia teetinq proeedurem to ●xperimontal data taken
in ●n ●nrlehment facility. me reeulte damon-

Stldte that thmee data anmlyelm methodrn can

●nhance dmtection of facility mlnopmratlon hy
neutron rmnitorina.

1. Introduction

International ■feqmrdn for ●nrlchmont
facilitle~ m!lmt lncl!lde Strategist for aa-urinq
that the faclllty lB not ml-operated to produce

highly ●nriched uranium (HIW), Swveral potontlal

radiation monitoring ●trategleo ●enmitlve to HEU

production are pree~ntly undar conmidera~inn for
lnnpector u~e in qa~ cmntrlfuge ●nrlchment facll-
itlem. Theme m~thodc conmlmt of nmutron ●nd qama
menitorinq to d~tect anomaloum lncreates in the

radiat~nn ●nvlrnnmanL of th~ caecade ●raa. One
●tretmqy Wrplmym cnntlnunun monitorlnq of neutron
lmvelm with JH@/polyet.hy]ene dotectorn mOUnt@d

at fixatl pn~itinnn in the caocedc m-em. Elnce
June lWO. ● prntntypc neutron mnnltnr lyntmm,l~?

lnrludina frrur monltnr ●tatlnnn ●nd a mlnicnmpu-
tcr-ham-~ hat,a ●rrntisttinn mt~tlnn, wa~ operetwd
n-arly cnntinunumly at US c~ntrifucm development
farilirlpm at nak niflo~, Tennemmo@, Slnc? June
]q~l, twn ●tlditlnnal monltcrn have he=n ~Peratlnq

h? Umnfn rantrifuam fnrllitlmm ●t Almmln, th-
N@?h@rlaf\ftm. Thin r-pr!rt demrrlhn data andlyain

prnr,md!lrrm thnt ran cnhmnr~ thv infnnnmt inn ●m-
tra-twd frmu neutron mmanurcmmnr ftatam

?. ~~yjwntal Ioevlip——

I!np*rlmantml data tmkmn ●t th- Advmncmd

Fnt!lnm-rinn T@&! Fac!):ty in oak Ridqo ham hamn
ummtt !n tamf ?ha prnpnm?d data ●nalyfilm proem-
duron. In \hmea ●nparimontm, gam cml)trlfuqas
●Illlllnl t1, th- typ* t:> krc lnmtallm~ ●t the

I’ortnmrwth fmcllity wsrs opwretafl ●t ●weral
A 3Mm/wlyeth@lona fa~t:@vOln 4.? ●nricllmmnt .

neut ron Il@t@[-trlf placed nenr t hm centrifuqmm
m-mmured thm 7,*lltrnn lov~l AII- to her’ qrrwnfl ●nd
marhlnm mlmnpmratlnn .A.llm ● ralmta ml nltnr pro-
virt@ll ● rmfmr.nrm ffl$r tt!m rumutr..m )arkqrnund.
T1.P ●mpmljmcnt Pt,nnim!md ..T pmr]nrlm of lfIQ, ?2N,

●nd ql)l ●nr 1~.hrnmn nymrat lr)m hepmrtrt-flI!y Arcrinttn
I,f nff-”n” np.r.t j“n Salar!cd masmurmment ttmtn

‘r.- !him •npm~ lm9n! *rm L!ivml, In Fig. 1, wh.lrll
l!mhrl ltwn t Im nsilt rl!n 1,-VW] mamnllr.d Ily one rrf

! )IP Wlllt[!,+ rim., tho mlcqmrat ●d rmnt r I fu~n,

1. AualymlB Pl!n.edllrmn

:“nnt ln\I, I\Im mftnitml Inq {If Ilmttt 11111 Iwvclm 111

?h- ramrn.tw am-m pI(*vid9a ●II inmpm~.lIIw v!!)) tl,.

meanu for timely detaction of ●r,~liea in CaS-
cade area operation. Furthmr, where a effic-
ient nmrbmr of theme monltore are located
throughout the camcadc area, the ●ourcs of the

●nomaly may be localized. The proponad analysis
procddure ●ntimatos the true neutron level from
the noisy meaouramento and detecte when that

level hafi increamed sufficiently that ●n ●ncmmly
should M declartid. Thlfi paper dimcumaea the

application of etatimtlcal filtering to neutron
●ignal ●ntimatior, ●nd Otatimtical hypothefiis

tenting to d~tect ●bnornwl nlqnal increaars. -iv,l!

hypothoaim tenting procedure ●re structured to
control the detection and falae-almrm protmhil-
Itiam.

Detraction of HFXl production by the proponed

neutron monitoring ●yntem ifi considered to b.: a
problam in mtat.imtlcal hypotheaim t~mtlnq. 11,*,

hypothtimlm Ho of ● neutron level indicatlr,y

normal operation 1- tested against the alterr,n-
tlve hypothenlm H) of an increased neutr< I,

Iewl. Teetlng theme hypotl,>een raquire the ron-
ditlonml probability denmltlem of the neutrr,!,

meamurementm 21, . . . . ZN under ●ach Ilypothehls.

If HO 1s true, the probability density i!:

Jl[zl, ..,, ZNIHOl I ●imllarly, if HI le true, thr

prohahillty dennity in pi7.], . . . . ZNIHII. A test

proredure for deciding htwon Ho and H] lK tl!r

prnhahllity ratio tent.3 The prn})ablllry rarl,,
for tho meaeuremcnt ●equ-nce ia

P17.,, .... ZNIII,I
PR(N) -

p[z,, .,., ZNIHOI

mrluulll IMlb

I ,, ., ,,,., - ,,,,.I. I . . . . . . . -,

1,, ,,1
Lm tam mm mm am mm

HA1

riu. i. kmpmlimwn~nl dm!n.



consists of cmrparing thm probability ratio to

an uppar threnhmld TU ●nd ● lower threshold TL

and applying the decigion rule

●ccept Hl whan PR(N) ~ TV

accept HO whmt PR(N) ~ TL

and take anothw moanuremant and continua taatinq
otherwiaa. Utwn the h~nthemaa Ho ●nd HI

~tra ●imple (they canpletaly specify Sh= cmndi-
>ional donaitiea), the probability O (falam-

alarm probability) of ●ceeptlng H1 whan HO

io true ●nd the probability 9 (mlnm probabil-
ity) of ●ccepting Ho whan Ill is true ara approxi-
mated by de fininq thm thron”rrmldm

The formulation of the problem of dmtecting

HINJ production leads to the compomite hypothsmen

: II - 11
‘o o

and

H
1

:~>\,
u’

where uo im the ●rrpocted neutron meawrement

when Ho im true ●nd u i- the tru~ neutron

level . Thr unual way of treating the probability
ratio tmnt when hypothenaa ar~ canpoalte Jm to

form tha qenrralized probability ratio

Ha x p[Z(N)lII]
,, > ,,

G1,P(N) -
(1 .

Max PIZ(N)IIIO]

4. Statistical Filtnr@.—

Filt@rln# in a m-thod for ●at.lmating tho

current ValIIQ of n cignal ublnq nniay meanur~-
mentn of the ■lqnal. Applying Lhia mothnd LO

●ntImat@ thp nwt rnn ●iqnal Krom the uranium
tnvcntory of ●nrlchm~nt cmntrlfugen mqulram ●n
●ntimat? of tbc nout,ron hackqround meanurod hy
thP ActPctnr. Fnr this ●nalynia t.ne ramnt~ mnnl-

tnr I,arkqrnunrl m-mnurcmanta wwrm unpfl to entlmmte

{1}s harkqrnunrl for rho rontrifuqm m]t,itor. Tho

m-nmurem~nt mnrlc 1 fmr the r-mote mnnltor lM

‘N
- IN; + (t

NN’

●rror. Estimating the background ●t the centri-

fuge mdnitor by ~N*XN + bN, where ;N.~N are ●eti-
matee of aN,bN, and subtracting thle from
~N @Vea

‘N-=N+YN ‘

where Y,i ie en error term that dependm on

aN, 8N, and the Uncertainty in ●mtlmating the co-

●fficienta ●Nfl bN” The ●tatia%ic z~ is
the object of the filtering proc~duree to ●eti-
mate SW.

The Xclman filter protidea ●n ●etiarate of
the true value of ● ■lgnal that ie ~d~ed in
noiee. Application of the mtthod requlrefi ●

model of tha ●i~ni ●m ● function of time and a

modal of the noisy obaervationa of the ■ig..al.
For thim problem the mj.~al ia aaaumad to be
conetant

a -s
N+l N ‘

●nd tho Obmervatiun model ifi

‘N-SN+YN ‘ (1)

where TN la the meamuremant ●rror. The only

knowlodqe of the signal La thro~gh tha noisy

mmaeurement relationship in Eq. (1; .

The filter ●stimete of ~ is a weighted

linear combination of the ohaervationn Z1 ,
. . . . zN. This linear ●atimata can be exprena~d

in the recursive form

E-a
N N-1

+K#zN-=N.l) ,

where ~ ia ‘-ha signal eutlmnte at time N.

Ti)@ flltcr gain KN la cnl(’ulaterf frnm

wham V~ in the variancw of tbc snt!mn!~ ~~

●nd MN ia the variance of )N.
Tha Kalnr8n filtar mathrrd provldsn 4 m4nimum-

var!.ante, unblaead ●atlmatn of tha trus nclltron

●l~nal Irma thz cantrlfugmm. WI* 1 hia ●stimate

●mcwmda tha nautrotr Icvol for ncrmal Anrichmmnt
hy twice thm atanttarrt dvviatinn of thr ●atimaLe,
thara ia ●n indication of mn ●nomaly. Nowever,
t.hm decleion Lmtweon Ho ●nd Hl uhoul~i br
made umlng th. probability ratio t-at khat al]own

control of the •rr(~r prohahllltlma. The Kalrnan

fill.- mm:hrxl la umad to amtlmatm Lh- unkn~twn
quantltlmm in thp r.jn:litionql prohabllity dcnnl-
tlcm in the p:.,l~ahlllty ratio.

s, D#ia An#t~nlm %nulta ●nd t%nclualrme.- ___ ._ ___ . .. . . . . . . . . . . . . . . . . . ...-. .— _
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¤t-andar~ deviation ●rror barn. Periodn of in-
crmmd ●nrictint ●re identified ●m ~eitive
a-w; ntionm Of tho ●ignal amt.hete by ❑orm than 2

rd daviatione from the zero neutron signal
lt

. probability ratio for deciding bet-en
Ho al,. 11 ie plotted in Fig. 3. Upper deci -
●ion Lh, qholda hava been ●elected for ●pproxi -
mete false harm ratem of 0.01 and 0.001. When
the probabi ~ty ratio excaedo the upper thremh-

old, dstect~ n of an anomaly la declared. En-
riclmenta of 52 ●nd 909 ara eaaily detected ●t
the 0.001 lavol. Enrictment~ of 209 =ould be
detected at a falae-alkrm rate ●mewhet higher

than 0.01.

Theme remulte ■uqyant that etatietical fil-
tering and hypotheain temtinq procedure can be
useful to ●n lnnpoctor for ●ttracting information
about facility oparmtion from noiey meamurament
data . The filtering methods can ●atimate neutron
siqrraln from ●nrlchmente near 20C, arid hypothnais
temting procoduree can datact ●nrichments near

208 with ● falfie-slam rata betuasn 0.01 and
0.001 pmr ym~r.
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